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ABSTRACT 
 
The application of membrane separation processes (PSM) for treatment of radioactive waste requires the 
selection of a suitable membrane for the treatment of waste, as the membrane will be directly exposed to the 
radioactive liquid waste, and also exposed to ionizing radiation. The nanofiltration membrane is most suitable 
for treatment of radioactive waste, since it has high rejection of multivalent ions. Usually the membranes are 
made of polymers and depending on the composition of the waste, type and dose of radiation absorbed may be 
changes in the structure of the membrane, resulting in loss of its transport properties. We tested two commercial 
nanofiltration membranes: NF and SW Dow/Filmtec. The waste liquid used was obtained in the process of 
conversion of uranium hexafluoride gas to solid uranium dioxide, known as "carbonated water". The 
membranes were characterized as their transport properties (hydraulic permeability, permeate flux and salt 
rejection) before and after their immersion in the waste for 24 hours. The surface of the membranes was also 
evaluated by SEM and FTIR. It was observed that in both the porosity of the membrane selective layer was 
altered, but not the membrane surface charge, which is responsible for the selectivity of the membrane. The NF 
membranes and SW showed uranium ion rejection of 64% and 55% respectively. 
 
 
1. INTRODUCTION 
The Nuclear Fuel Factory of INB is one of the most modern industry for the production of 
nuclear fuel for the light water reactors PWRs (Pressurized Water Reactor), adopted by Brazil 
for the generation of nuclear-electricity. 
 
The production of uranium dioxide (UO2) from the conversion of uranium hexafluoride gas 
(UF6) is the most important step in the cycle of nuclear fuel. The gas is mixed with CO2 and 
NH3 and demineralized water. The reaction between these compounds produces tricarbonato 
uranato (VI) ammonium (TCAU), yellow solid insoluble in water, which is dried in rotary 
vacuum filters [1]. This process is the generation of waste liquid containing uranium known 
as "carbonated water" due to the presence of high concentration of CO3-2 ions. This waste can 
have on average 0.02 g L-1 of uranium, and can not be eliminated to the environment without 
proper treatment. The membrane separation processes (PSM) has earned space as an 
important separation technique feasible and safe. The main separation processes that use 
pressure as a driving force for the transport of a species through the membrane are: 
microfiltration (MF), ultrafiltration (UF), nanofiltration (NF) and reverse osmosis (HI). The 
nanofiltration membrane is known for composite to having the upper surface a thin and dense 
layer (skin) thickness less than 0.05 µm, responsible for selectivity and porosity in the range 
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1 to 10 nanometers. The under surface is called support, which is a porous ultrafiltration 
membrane whose function is to provide mechanical strength to the skin. NF systems 
generally require operating pressures in the range 5 to 20 bar and are used in the treatment of 
saltwater and saline waters, it has the ability to reject negative multivalent ions such as SO4-2, 
PO4- 3 and the advantage of the passage of monovalent salts like NaCl [2, 3]. The application 
of membrane separation processes in the treatment of radioactive waste is a new technology 
that has been gradually introduced in nuclear power plants for the treatment of waste of low 
activity [4, 5]. 
 
The application of membrane processes for this purpose requires a series of experiments 
before the installation in a nuclear plant. The membrane should be adequate to treat the 
waste, as the membrane would be exposed to radioactive liquid and therefore exposed to 
ionizing radiation. 
 
Usually the membranes are made from polymers, which depending on the type and dose of 
radiation absorbed may show changes in their structure, resulting in loss of their properties. 
The influence of gamma radiation on the transport properties of ultrafiltration membranes 
(UF) and nanofiltration (NF) synthesized with different polymeric materials was studied by 
several researchers and demonstrated that selective membranes with a layer of polyamide 
(PA) and poly (vinyl alcohol) (PVA) showed greater resistance to radiation [6, 7]. 
 
Other studies describe the treatment of waste tricarbonato uranato (VI) ammonium (TCAU) 
and and ammonium uranyl carbonate (DUA) by reverse osmosis, getting rejection of 99.5% 
uranium and reduction of the original volume of the waste 70% and conclude that the 
composition, pH and pressure influence the performance of PSM [8, 9]. 
 
Radioactive liquid waste can not be eliminated to the environment without treatment because 
contaminate ground water, causing serious consequences for humans and the environment. 
Thus, this work intends to present the process of nanofiltration for the recovery of uranium 
waste, which have high added value and can return to the production process of uranium 
pellets. 
 
2.  EXPERIMENTAL 
 
 
2.1 Sample waste  
The sample of the waste specified as "carbonated water" was donated by the Nuclear Fuel 
Factory. Chemical analysis of the waste was carried primarily on the concentrations of 
uranium by optical emission spectrometry with inductively coupled plasma (ICP-OES 
OPTIMA 2100 DV Perkin-Elmer); fluoride by ion selective electrode; carbonate by titration, 
nitrogen ammonia (NH3) by the Nessler method and pH. 
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2.2 Membranes 
 
 
Commercial nanofiltration membranes used in this study provide selective layer of polyamide 
and were identified as the NF and SW of Dow/FilmTec. Initially the membranes were 
characterized as their transport properties, morphological structure and chemical structure. 
 
 
2.2.1 Transport properties of membranes 
 
The transport properties of nanofiltration membranes depend only on the selective membrane 
layer, and it is she who will be more exposed to the action of waste. The membranes were 
evaluated by the permeate flux, hydraulic permeability and selectivity before and after 
conditioned in the waste. 
 
2.2.2 Permeate flux and hydraulic permeability 
To evaluate the permeate flux and permeability hydraulic system was used permeation cell 
displacement front and magnetic stirring, the feed tank of 800 ml and maximum operating 
pressure of 6.2 bar. The system was pressurized by compressed air dry, to carry the solution 
of the reservoir that feeds the cell, the solution permeating through the nanofiltration 
membrane. The effective area of membrane is 40 cm2. Figure 1 shows the apparatus of the 
permeation cell model Amicon of Millipore 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Apparatus permeate cell model Amicon 
 
 
For the experiments we used samples of the circular membrane 76 mm in diameter. Initially, 
the membrane was placed in the cell and filled with distilled water and 5 bar pressure to 
compact the membrane. Compaction is achieved when the flow is constant display. After 
compaction, retired three aliquots with 20 minutes interval between each aliquot. The same 
procedure was carried at pressures of 4, 3, 2 and 1 bar. The values of permeate flux (Fp) of 
each membrane was calculated from the average of three determinations of flow through the 
equation 1.  
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With these values was created a curve of permeate flux versus pressure to determine the 
hydraulic permeability of the membranes, which is the slope of the equation line. 
 
2.2.3 Selectivity 
The selectivity of NF and SW membranes was estimated by the rejection (R), defined as the 
fraction of solute retained by the membrane to a given concentration of feed solution, 
according to equation 2. 
 
                                              ( ) 100% x
Ca
CpCfR −=                                                                (2) 
 
 
where Cf is the solute concentration in the feed and Cp is the solute concentration in the 
permeate. 
 
The experiments were carried on selective permeation Amicon system using solutions of 
sodium chloride (NaCl) and sodium sulfate (NaSO4) with a concentration of 1000 mg L-1 and 
5 bar pressure at pH 5. After determined the hydraulic permeability, changed the water of cell 
by chloride solution at a pressure of 5 bar retired an aliquot of 50 mL, at the end of the 
permeate chloride was reserved together with a sample of the feed solution chloride, which 
analyzed the concentration of chloride for calculation of the rejection. For the rejection of 
sulfate, washed with water system Milli-Q pressure of 5 bar for one hour. Withdrew from the 
water and added to the solution of sulfate in the cell and in the pressure of 5 bar, repeating the 
same procedure of the chloride. The concentrations of chloride and sulfate ions from feed and 
permeate solutions were determined in conductivity Digmed DM-2. With the concentration 
values were calculated rejection of chloride and sulfate each membrane.  
 
 
2.2.4 Chemical resistance 
The chemical resistance of the membranes was evaluated using samples of membranes 
characterized as mentioned in items 2.2.2 and 2.2.3. The membranes were conditioned in 500 
mL of waste in a closed system at room temperature. The membranes were conditioned for a 
period of 24 hours. After that time samples were removed from waste, washed with distilled 
water and again the permeate flux and selectivity of the membranes to chloride and sulfate 
ions at pH 5 and pressure of 5 bar. 
 
 
2.2.5 Morphological characterization of membranes 
Morphological characterization of the membranes was carried in scanning electron microscope field 
emission (FESEM), JEOL.  
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2.2.6 Spectroscopy infrared (FTIR) 
The membranes were evaluated as to possible change of functional groups of the selective 
coating before and after conditioned for 24 h in the waste through infrared spectroscopy. The 
equipment has been using the Thermo Scientific Nicolet 6700, and the sample was analyzed 
in the form of KBr pellets. 
 
2.3 Rejection of membranes ion uranium the waste  
The rejection to uranium from waste was carried in permeation system (Fig. 1) with the new 
NF and SW membranes. Initially the NF membrane was characterized according to item 2.2.2 
and after compaction, retired water of the cell and was added to 250 mL of waste 'carbonated 
water'. The permeation of the waste was under constant magnetic stirring and pressure of 5 
bar. Retreated an aliquot of 50 mL of permeate, and determined the concentration of uranium. 
This procedure was repeated with the SW membrane.  
 
 
 
3. RESULTS AND DISCUSSION 
 
It is known that a large volume of radioactive waste is generated by various activities that use 
radioactive materials, and should be managed in order to protect humans and the environment. 
Disposal of any waste into the environment must satisfy the conditions and standards provided by 
environmental agencies. Table 1 shows the chemical analysis of waste before and after permeation NF 
and SW membranes. It is observed before the treatment high concentration of uranium, 0.011 g L-1. 
After permeation, the concentration of uranium with the NF membrane was 0.004 g L-1 and the SW 
0.005 g L-1. The ammonia concentration was not significantly changed. 
 
 
Table 1. Composition of waste from before to after NGF permeate  
                   the NF and SW membranes     
  
Chemical composition (g L-1)  
Waste 
U F- CO3-2 NH4+ pH 
Waste  0,011 0,52 98,0 57,3 9,4 
NF  Permeate  0,004 - - 51,7 9,0 
SW  Permeate  0,005 - - 55,1 9,0 
 
 
 
Figure 2 shows the graphs of permeate flux versus pressure of NF and SW membranes. 
The hydraulic permeability of the membranes NF and SW is slope of the line, resulting in 
values of 5.2 and 7.8 L/m2.h.bar, respectively. The SW membrane had the highest value, 
indicating a characteristic of higher hydrophilicity, that is, the material higher affinity for 
water, considering that both membranes have pore sizes in the range from 1 to 10 nm. 
 
 
INAC 2011, Belo Horizonte, MG, Brazil. 
 
 
 
 
Figure 2. Graphs of the permeate flux versus pressure of the NF and SW membranes 
 
 
The selectivity of nanofiltration membranes is related to the pore size distribution and amount 
of charges on the membrane surface. Most of those membranes have a negative surface 
charge in aqueous media. In this study it was observed that the NF and SW membranes 
showed different values of rejection before and after conditioned in the waste, as shown in 
Tables 2 and 3. For the sulfate ions were not observed significant changes in the values of 
rejection for both membranes, resulting in values of around 98%, indicating that the 
membrane surface charge was not changed by waste. 
 
 
However, for chloride showed a decrease in values of rejection from 21% to 15% for NF 
membrane and 13% to 1.9% for SW membrane. This result differentiated between the 
rejection of chloride and sulfate can be explained based on the separation mechanism of 
nanofiltration membranes that occurs by size exclusion and exclusion by ionic charge. In the 
case of chloride, which is monovalent, the effect of that prevails in the rejection is the size 
exclusion, while the rejection of sulfate ions, which is divalent, exclusion occurs per charge. 
The results of rejection of the membranes to chloride ions indicate that the porosity of the 
membrane selective layer SW was more changed by waste than the NF membrane. This 
inference can be complemented by the results of permeate flux obtained with the SW 
membrane, which increased 12.5% in the value flow after conditioned in the waste. 
 
 
 
Table 2. Rejection of membranes before conditioned in the waste  
 
Rejection (%) 
 
Membranes 
Permeate flux 
(L/m2.h) Chloride Sulfate 
NF 26,3 21,2 98,3 
SW 40,4 13,0 98,0 
 
 
Y= 7,8 x + 2,1 
Y= 5,2 x + 1,2 
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Table 3. Rejection of membranes after conditioned 24 hours in the waste   
         
Rejection (%) 
 
Membranes 
 
Permeate flux 
(L/m2.h) Chloride Sulfate 
NF 25,4 15,0 97,5 
SW 45,0 1,9 98,0 
 
 
The analysis of the morphology of the NF membrane surface before and after conditioned in the waste 
is shown in Figure 3 (a) and (b). The micrographs confirm that the conditioning waste change in the 
selective membrane layer. 
 
 
 
 
 
 
 
 
 
 
 
                                                 (a)                                              (b) 
Figure 3. Micrographs of the NF membrane surface: (a) surface before conditioning in the 
waste and (b) after 24 h in the waste (X150.000) 
 
 
 
The infrared spectra of SW and NF membranes before and after conditioning in the waste are 
presented in Figure 4 (a) and (b) respectively. Spectra of NF membranes before and after conditioning 
do not show differences in the characteristic main bands of polyamide that is the polymer selective 
layer. It can be observed characteristic bands of N-H, C-H aliphatic system (3500-3100), C = O 
(1900-1550) for the aromatic, all associated with the presence of amide groups. With relation to the 
SW membrane, the spectra show some differences. The main difference is the increase in intensity 
and extension of the peak at 3423 cm-1 of the sample conditioned in the waste. Probably this 
morphological change is due to amide hydrolysis, resulting in absorption peaks in the range of 3500-
3100 cm-1 corresponding to the primary amine, as well as increasing the intensity of the carbonyl 
absorption peak at 1629 cm-1. 
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(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) 
 
Figure  4.  FTIR spectra of the membranes: (a) NF and (b) SW, before 
                and after conditioning in the waste 
 
 
 
The results of rejection of the uranium ion and the initial and final permeate flux of 
membranes are presented in Table 4. The rejection of NF and SW membranes was 64% and 
55%, respectively. The application of nanofiltration membranes can be viable for the 
treatment and recovery of uranium from waste "carbonated water". Observed a decrease of 
the initial flow of 58% with the NF membrane and 31% with SW. This decrease can be due 
to concentration polarization, a phenomenon inherent in all PSM. When a solution permeates 
through a selective membrane in relation to a solute, there is an increase of solute 
concentration in the interface membrane/solution and therefore an increase in osmotic 
pressure of the solution near the membrane, decreasing the driving force for the separation 
and therefore the permeate flux. 
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Table 4. Rejection of the uranium ion and the initial and final permeate flux of 
membranes 
 
Membranes Rejection of U (%) 
Initial Permeate 
flux 
(L/m2.h) 
Final Permeate 
flux 
(L/m2.h) 
NF 64,0 27,8 11,7 
SW 55,0 38,1 26,1 
 
 
 
 
4. CONCLUSION 
 
The application of nanofiltration membranes was efficient in the separation of uranium from 
waste for both membranes, with rejections above 50%. The hydraulic permeability of the SW 
membrane of 7,8 L/m2.h.bar, indicates a characteristic of higher hydrophilicity of the 
monomer used in the selective membrane layer. 
 
The low values of rejection of the SW membrane to chloride ions indicate that the porosity of 
the selective membrane layer was more affected by waste than the NF membrane. The 
increase in permeate flux after the conditioning waste confirm the increase in porosity. 
 
The rejection of sulfate ions of both membranes do not show significant differences, 
however, the surface morphology of the NF membrane was changed, suggesting that the 
membrane surface charge was not changed by waste. 
 
The spectra of the NF membranes before and after conditioned not show differences in the 
main characteristics bands of polyamide. 
 
The spectrum of the SW membrane conditioned in the waste shows increase in intensity and 
extension of the peak at 3423 cm-1 due to amide hydrolysis, resulting in absorption peaks in 
the range of 3500-3100 cm-1 of primary amine and increased intensity of the carbonyl 
absorption peak in 1629 cm-1. 
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